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Abstract 
This paper presents a robust fuzzy sliding mode control of a CSI based STATCOM. The dq-frame state space model 
is considered for nonlinear mathematical model for the system and controller design. A nonlinear fuzzy logic 
enhanced sliding mode controller has been proposed to provide active and reactive power control under various 
faulted operating conditions. Based upon the time domain simulations in MATLAB/SIMULINK environment the 
proposed controller is tested and it’s better performance is shown compare with the conventional PI controllers with 
respect to voltage stability, damping of power oscillations and improving of transient stability. 
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1. Introduction 
Because of rapid development of power electronics technology, the static synchronous compensator 
(STATCOM) plays a significant role among FACTS devices, in power factor correction, harmonic 
compensation and for providing required reactive power to the load in modern electric power networks. 
The fundamental principle of a STATCOM as a shunt compensation device is to generation a 
controllable ac current source [1]. Theoretically, a STATCOM can be realized by either a voltage-source 
inverter (VSI) or a current source inverter (CSI) topology [2]. As a shunt compensation device, its 
performance can be improved when realized by a current-source inverter (CSI), which generates a 
controllable ac current directly at its output terminals [3]. Operation wise the CSI based STATCOM has 
some advantages over VSI based STACOM like fast start-up, high converter reliability, implicit short 
circuit protection, capability of directly controlling the output current and injects no harmonic into the ac 
network when it is operating at zero reactive current [4]. Research on STATCOM in past few years 
mostly focus on VSI based STATCOM and so the capability of reactive power control of CSI based 
STATCOM is yet to be investigated much. In this paper an attempt has been made to design a fuzzy 
sliding mode control to enhance the controllability of CSI based STATCOM to damp system oscillations 
under various transient conditions. Several authors have presented mathematical models and control 
strategies for CSI-STACOM that include nonlinear fuzzy PID controller [5], feedback linearization based 
Fuzzy-Neuro controller [6], optimal linear quadratic regulator controller [7] and feedback linearization 
by pole placement technique [8]. A three phase induction motor [9] along with a reactive load is 
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connected.The performance of CSI-STATCOM while taking a wide range of faulted operating conditions 
is studied. 
 The rest of the paper is organized as follows. In section 2, the time domain mathematical modelling 
of the CSI-STACOM is presented. In section 3, the conventional PI controller and robust Fuzzy Sliding 
Mode Controller are briefly explained. Simulation study that illustrates the effectiveness of the proposed 
control strategies is discussed in section 4. At last, conclusions are drawn in Section 5.  
2. CSI-based STATCOM modeling  
Fig.1 shows the basic structure of a six-pulse CSI based STATCOM is connected at the point of 
common coupling (PCC) at bus (E) and a three phase induction motor with a load to the load bus(Er) in 
the power system network. Where ܴ௦ represents the ‘ON’ state resistance of the switches including 
transformer leakage resistance, ܮ௦ is transformer leakage inductance and the switching losses are taken 
into account by a series dc-side resistance Rdc.The filter capacitor is ‘C’ and i is the secondary side 
currents of the transformer.  A  CSI resides at the core of the STATCOM. It generates a balanced and 
controlled three-phase current ii. The current control is achieved by firing angle control of the CSI. The 
dc-side inductor possesses fixed current Idc and there is no real power transfer, except for losses.  
                                                                              Fig.1.Equivalent circuit of CSI-STATCOM.
For a 3-phase AC system the equation (1) can be represented as    
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Expanding and simplifying equation (3) 
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Expressing equations (4), (5) and (6) in matrix form 
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       Transforming 3-phase AC dynamic equation into orthogonal components in a rotating reference 
frame. The components are referred to as real and reactive components. Applying Park’s transformation 
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The sending end source ሺܧ௦ሻ is assumed to be 
a strong system with high short-circuits ratio 
and low impedance. Thus, the source voltage 
is treated as a constant source irrespective of 
variations in load current. with ୰ chosen as 
the reference voltage vector The dynamic 
equations governing the instantaneous values 
of the three-phase voltages across the two 
sides of STATCOM and the current flowing 
into it are given  by: 
ሺܴ௦ ൅ ܮ௦
ௗ
ௗ௧
ሻ݅ ൌ ܧ െ ܸ                            (1) 
Where, ݅ ൌ  ሾ݅௔݅௕݅௖ሿ்,
            ܧ ൌ ሾܧ௔ܧ௕ܧ௖ሿ்,        
and      ܸ ൌ  ሾ ௔ܸ ௕ܸ ௖ܸሿ்
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[10], which leads to ‘abc’ to ‘d-q’ transformation where ݅ௗthe active current component is and  ݅௤  is the 
reactive current component relative to a reference frame with angular frequency  Ԣ߱Ԣ . 
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                                                   Equation (7) is 
modified as  
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    Comparing equation (11) with (7), 
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   From principles of power system, 
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   Multiply T to both sides of equation (13) and applying equation (14), 
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From circuit principle, 
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The equation (17) can be expanded and simplified as    
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Similarly, representing complete equation (16) in matrix form 
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CSI under tri-level SPWM control behaves as a 3-phase linear power amplifier can be modelled as:  
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Where,݉௔ǡ݉௕ܽ݊݀݉௖ are the modulating signals of the 3-Phases normalized to the peak of the 
triangular carrier signal. The modulating signals can be transformed into d-q axis,  
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 The dynamic equations from the converter to the secondary side of the transformer are: 
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 The above system is nonlinear, whereܫௗ௖, ܫௗ, ܫ௤, ௗܸ and ௤ܸ are the state variables. ݅௜ௗ and݅௜௤ are 
the input variables.ܴ௦,ܮ௦,ܮ௦௟,ܴ௦௟ǡ ܮ௥௟,ܴ௥௟,ܥ, ܴௗ௖,ܮௗ௖,Rs and ߱ are system parameters and considered as 
constants. The output variables are ܫௗ௖ andܳ௦௧, which are chosen according to the control objectives of 
the STATCOM. A common method to deal with the nonlinearity is to linearize the equations of system 
around a steady-state operating point. 
3. Control structure of the STATCOM 
A fuzzy sliding mode controller and PI controller is briefly explained. This acts as the basis for 
the digital simulations performed in the next section. 
3. 1. Fuzzy Sliding Mode Controller 
Robust Fuzzy Sliding Mode Controller (RFSMC) can be employed to be a basis to ensure the 
stability of the controller of nonlinear and linear systems [11]. A Sliding Mode Controller is a Variable 
Structure Controller (VSC). Basically, a VSC includes several different continuous functions that can 
map plant state to a control surface, and switching among different functions is determined by plant state 
that is represented by a switching function. Since the sliding surface and switching, do not depend upon 
the system operating point, circuit parameters and converter dynamics, it offers good robustness.For 
controlling CSI based STATCOM,SMC is used here to obtain new control input for ܫௗ௖ andܳ௦௧ .The 
general equation proposed earlier to determine the desired sliding surface ߪሺݔሻ is as follows: 
          ߪሺݔሻ ൌ ቀ ௗ
ௗ௫
൅ ݇௜ቁ
௤೙ିଵ
݁ݎሺݔሻ            (28) 
Where ݇௜ is a positive constant which describes the control bandwidth,݁ݎሺݔሻ is the output error, and ݍ௡
is the relative degree of the state variable taken as the output state. The sliding surface is chosen by using 
a positive scalar Lyapunov cost function ݒሺݔሻ ൐ Ͳ as 
ݒሺݔሻ ൌ  ఙ
೅ሺ௫ሻఙሺ௫ሻ
ଶ
            (29) 
The necessary condition for the minimization of the function is  ߪሺݔሻߪሶ ሺݔሻ < 0.The fuzzy sliding mode 
control is consists of an equivalent control and a switching fuzzy control and is given by 
ݑሺݐሻ ൌ  ݑ௘௤ሺݐሻ ൅ݑ௙ሺݐሻ             (30) 
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The inputs to the fuzzy controller to calculate ݑ௙ are the sliding surfaces ߪ and its derivativeߪሶ .The 
membership values  ߤ௉ሺߪሻ and ߤேሺߪሻ  and ߤ௉ሺߪሶ ሻ and ߤேሺߪሶ ሻ are obtained using similar membership 
functions as given below 
ߤ௉ሺߪሻ= ቐ
Ͳ ߪ ൏ െܮ
଺ା௅
ଶ௅
െܮ ൑ ͸ ൑ ܮ
ͳ ͸ ൐ ܮ
ቑ                           (31) 
ߤேሺߪሻ= ቐ
ͳ ߪ ൏ െܮ
ି଺ା௅
ଶ௅
െܮ ൑ ͸ ൑ ܮ
Ͳ ͸ ൐ ܮ
ቑ                                (32) 
The fuzzy rule base used is: 
 R1:    if ߪ is P and kߪሶ  is  P, then ݑଵ ൌ ݇ଵሺߪ ൅ ߣ݇ߪሶ ሻ
 R2:    if ߪ is P and kߪሶ  is  N, then ݑଶ ൌ ݇ଶݑଵ
 R3:    if ߪ is P and kߪሶ  is  P, then ݑଷ ൌ ݇ଷݑଵ
 R4:    if ߪ is P and kߪሶ  is  N, then ݑସ ൌ ݇ସݑଵ
                                                                      Fig.2.Block Diagram of the RFSMC system.
3.2.  PI Controller Design
   This control system is based on a decoupled strategy or d-q transformation that makes it possible to 
control the reactive current flow between the STATCOM and the transmission system. The dual control 
objectives are met by generating appropriate current references for d- and q-axis then by regulating these 
currents in STATCOM. Fig.3 shows the schematic diagram of the method of finding the inputs u1 and u2
from the difference between Idcref and measured value of Idc and Qstref  with the measured value of Qst   . 
Fig.3.Deriving controllers u1 & u2.
The expression for DC current and controllers are obtained from equation (23), (26) and (27) 
respectively.
ܫௗ௖ ൌ െට൫ܫ௦ௗ ௦ܸ௧ௗ ൅ ܫ௦௤ ௦ܸ௧௤ሻȀሺܴௗ௖ሻ൯                                                                                                    (33) 
          ͳ ൌ ሺୱୢ െ ୱ୲୯ሻȀୢୡ                                                                               (34) 
ʹ ൌ ሺୱ୯ െ ୱ୲ୢሻȀୢୡ                                                                              (35) 
The dc current (ୢୡ)and reactive power(ୱ୲)  are taken as the outputs and  can be written as:  
ߪ Sliding
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Fuzzifier Fuzzy Inference 
Mechanism 
Equivalent 
Control Law 
Defuzzifier 
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(Rule 1,2,3,4)
ݑ௘௤
ݑ௙ ݑ
ߪሶ
+
+
ܭ௣ଵ ൅ ܭ௜ଵȀݏ
ݑଵܫௗ௖௥௘௙
ܫௗ௖
൅
െ
ܭ௣ଶ ൅ ܭ௜ଶȀݏ
ݑଶܳ௦௧௥௘௙
ܳ௦௧
൅
െ
The effective control ݑ௙ is obtained 
using a centroid defuzzifier, 
σ ௨೔௨೔
ర
೔సభ
௨భା௨మା௨యା௨ర
     which when 
simplified yields, 
ݑ௙ ൌ ݇௘௙௙ሺߪ ൅ ߣ݇ߪሶ        and  
݇௘௙௙ ൌ
௞భ௨భା௞మ௨మା௞య௨యା௞ర௨ర
௨భା௨మା௨యା௨ర
The values of  ߣǡ ݇ǡ ݇ଵǡ ݇ଶǡ ݇ଷܽ݊݀݇ସ
are chosen as 0.3, 0.0166, 1, 0.1, 0.1 
and 0.5 respectively for this study.  
The complete block diagram for 
FSMC is shown in Fig.2.
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 ൌ  ሾୢୡୱ୲ሿ୘                                                                                              (36) 
4.Simulation results  
The proposed robust fuzzy sliding mode controller is simulated in MATLAB.  The performance 
of the RFSMC is tested under various operating conditions in a wide neighborhood of the initial 
operating condition and compared with PI controller. Different plots like dc current input to 
STATCOMܫௗ௖, active power at PCC ( ௘ܲ), reactive power at PCC (ܳ௘), inverter output power ( ௦ܲ௧) , 
inverter output reactive power (ܳ௦௧) and receiving end bus voltage(ܧ௥) are plotted for comparison from 
Fig. 4  to Fig. 7.    
4.1  50% increase in load torque of induction motor for 10 cycles. 
 The system is simulated with a 10 cycle 50% increase in load torque of induction motor. Due to 
the fault the STATCOM voltage (V) is decreased to a critical level. The performance of the proposed 
controller restores the system earlier, than the conventional PI controller. The improvement with the new 
controller shown in Fig.4 clearly indicates the superiority of the proposed controller. 
.
 
 Fig.4.Performance comparison of the controllers for   10 cycle 50% increase in load torque. 
4.2.  6-cycle LLLG fault at point of common coupling (PCC): 
       A 6-cycle LLLG fault at point of common coupling bus (E) is simulated and shown in Fig.5.  
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Fig.5.Performance comparison of the   controllers    for 6-cycle LLLG fault at PCC .
4.3.  Change in systemr frequency 
 A 10% change in the system frequency for 10 cycles on input side as shown in Fig.6.  
         
Fig.6.Performance comparison of the controllers for   10% change in the angular frequency.  
4.4.  Variationof the transmission line impedance parameters 
The value of resistance and inductance at both the sides of PCC are increased by 50% is shown 
in Fig.7.  
 
Fig.7. Performance comparison of the controllers for  variation of the line parameters.
5. Conclusion 
In this paper, a systematic procedure for modeling the nonlinear controller based on robust fuzzy 
sliding mode for a CSI based STATCOM is proposed. The sliding mode control takes into 
account the parametric uncertainties and cancels the nonlinearities. The proposed controller is 
found to be robust and improves damping and overshoots for a variety of operating conditions 
that include torque variation, short circuit, and variation of frequency and line parameters. 
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